Background: Giant cell tumor of the tendon sheath (GCTTS) is the most common benign tumor of the hand following the ganglion cyst. It is more prevalent in women in third through fifth decades of life. Objectives: The aim of the study was to investigate the demographic and clinical characteristics as well as the rate of recurrence of GCTTS in an Iranian population. Patients and Methods: Medical records of 47 patients with GCTTS were reviewed. Data on demographic characteristics as well as clinical and intraoperative findings were collected. Plain X-rays, magnetic resonance, and ultrasonographic images were observed. Patients were asked about the recurrence of the GCTTS after mean interval of 4.9 ± 2.6 years. Results: Females were predominantly involved (70.2%). Patients aged 38.5 ± 16.2 years at the time of surgery. The middle finger was the most common site of the lesion (27.6%) followed by index finger (25.5%) and thumb (21.3%). The volume of the lesions averaged 3.9 ± 5.5 cm 3 . The GCTTS had invaded the skin (1 patient), bone (1 patient), tendon pulley (6 patients), tendon (4 patients), and digital nerve (2 patients). Osseous erosion was found in two patients. After exact excision, the tumor recurred in four patients (8.5%). None of the variables affected the risk of recurrence.
Background
Giant cell tumor of the tendon sheath (GCTTS), a solitary benign soft-tissue tumor, is the second most common tumor involving the hand after the ganglions (1, 2) . GCTTS may occur at any age but usually presents between third to fifth decades of life and is more prevalent in women (1) (2) (3) (4) (5) (6) .
Lack of knowledge about the exact etiology and pathogenesis of the lesion resulted in introducing several names for the lesion including nodular tenosynovitis, localized pigmented villonodular synovitis, fibrous xanthoma, fibrous histiocytoma of the synovium, tenosynovial giant cell tumor, benign synovioma, and sclerosing hemangioma, each of which describes a specific feature of the tumor (1, 2, 4, 7, 8) . The GCTTS is usually painless and grows slowly (5) . The lesion is histopathologically distinguished by proliferative synovial-like, giant, inflammatory, and xanthoma cells and siderophages (9) .
Some authors believe that GCTTS is a neoplastic tumor while others suggested inflammatory, traumatic, or autoimmune nature for the lesion (1, 2) . In addition, abnormal lipid metabolism has been suggested to be involved in GCTTS (1, 2) . Despite the benign nature, local recurrence after excision, with the rate of 4.2% to 28.6%, has been widely reported (1, 2, (4) (5) (6) (10) (11) (12) . Although radiotherapy can reduce the rate of recurrence (4), recurrent tumors have remained a challenging problem for the hand surgeons. Some factors may predict the recurrence of GCTTS (13) ; however, the problem to remains unsolved due to our limited knowledge on the nature of the lesion. Therefore, it seems crucial to investigate the clinical, radiologic, and histopathologic characteristics of the tumor to improve our understanding of the problem. Although several studies reported some series of patients with GCTTS (1, 2, 4-6, 11, 12, 14, 15), they were insufficient and more reports on the issue are required. Furthermore, there is no report on the treatment of these cases in Iranian population.
Objectives
The current study aimed to investigate the demographic and clinical characteristics of the patients with GCTTS of the hand as well as the rate and potential risk factors of recurrence. 
Patients and Methods
In this retrospective study, we reviewed the medical records of the patients who had undergone operation for the hand lesions diagnosed as GCCTS in Shafa Orthopedic Hospital, Tehran between 2000 and 2012. The institutional review board approved the study protocol.
Preoperative physical examinations and hand X-ray images were reviewed (Figure 1 A) . Ultrasonography or magnetic resonance imaging (MRI) had been utilized for further investigation (Figure 1 B and 1C) . Three expert hand surgeons had performed all of the surgeries. Loup magnification had been used in all of the surgeries. The diagnosis had been confirmed histopathologically ( Figure  2 ). The data regarding the age at surgery, sex, site of the lesion, clinical presentations, time interval between onset of symptoms and surgery, intraoperatively-confirmed involvement of bone, joint, tendon or neurovascular bundles, the size of the tumor based on the histopathologic report, histopathologic findings, and recurrence of the lesion were gathered. The patients were contacted via telephone and were asked to attend the hospital for examination. Some patients, who did not attend the hospital, were followed up by phone. Patients were followed up for 4.9 ± 2.6 years (range, 2-12 years).
Statistics
The correlation between recurrence and measured variables was investigated utilizing Pearson's correlation coefficient (r) for quantitative variables or Spearman's rank correlation coefficient (rho) for qualitative variables. In addition, the linear regression analysis was performed to determine the risk factors of tumor recurrence. Statistical analysis was performed with SPSS 15.0 (SPSS Inc, Chicago, Illinois, the United States). P value < 0.05 was considered statistically significant.
Results
A total of 54 patients had undergone surgical excision of GCCTS in Shafa Orthopedic Hospital, Tehran, Iran; during 2002-2012. Seven patients were lost to follow-up and the study was completed on the remaining 47. There were 14 males (29.8%) and 33 females (70.2%) aged 38.5 ± 16.2 years. The right and left hand was involved in 27 (57.4%) and 20 patients (42.6%), respectively. Ten patients had undergone surgical excision of the GCTTS at the same site previously. The surgeries were performed after 2.3 ± 1.9 years of symptoms onset (range, 2.5 months to 7 years). The middle finger was predominantly involved (13 patients, 27.6%) followed by index finger (12 patients, 25.5%) and thumb (10 patients, 21.3%). The ring and little fingers and wrist, each were involved in four patients (8.5%). Among the patients with finger involvement (43 patients), the middle phalanx was the most common site of GCTTS growth (19 patients, 44.2%) followed by proximal phalanx (15 patients, 34.9%). The distal phalanx was involved in five patients. The GCTTS of thumb interphalangeal and metacarpophalangeal and proximal interphalangeal joints of other fingers were found each in two patients. Distal interphalangeal (DIP) joint was involved only in one patient. Of these, three patients had satellite lesion involving proximal and distal phalanxes (one patient), thumb interphalangeal with thumb distal phalanx (one patient), and DIP and distal phalanx (one patient). The mean volume of the lesions was 3.9 ± 5.5 cm 3 (range, 0.13-27 cm 3 ).
Intraoperatively, we found that the GCTTS had invaded the skin in one patient; the tendon in four, tendon pulley in six, and digital nerve in two. In addition, osseous erosion was seen in two patients. The tendon and joint were involved in one patient and nerve and bone in another one. In follow-up, we found that the lesion was recurred in four patients. Two of these patients were operated for recurrent GCTTS. The characteristics of these four patients are presented in Table 1 . We found no significant correlation between recurrence of GCTTS and other variables such as previous history of surgery or invasion to other tissues. The histopathologic findings did not differ between patients with and without recurrence. In addition, the regression analysis showed that none of the variables had association with the recurrence of the GCTTS.
Discussion
The GCTTS is most commonly found in the hand region (77%-92.9%) (6, 16, 17) . The GCTTS of the hand is a painless slow-growing mass and many patients only complain of a swelling mass more often located at the palmar surface (1, 2, 4, 10, 11, 14) . In current study, none of the patients had explained pain. In most of the previous studies, hand GCTTS was predominantly found in females (1, 2, 4-6, 11, 12, 14, 15) . Moreover, Women were predominantly involved in our study (male to female ratio, 1:2). However, Gholve et al. found slight male predominance (14) .
In other studies, some differences in term of age distribution were reported, but in many of them, patients were at any age with a peak involvement at third to fifth decades of life (1, 5, 6, 11) . Similar to previous studies, our patients were at any age and most of them were in fourth decade of their life (34%). The GCTTS involves the index finger in most of the patients followed by middle finger or thumb (1, 6, 10); in our study, however, the middle finger was the most common site of involvement. Di Grazia et al. (5), Garg and Kotwal (4) , and Darwish and Haddad (2) found that the incidence of GCTTS was highest in middle finger, ring finger and thumb, consecutively. In addition, in our study, the frequency of index finger or thumb involvement was close to that of the middle finger with a little difference.
The most concerning problem in treatment of patients with GCTTS arises from high rate of lesion recurrence reported from 4.2% to 28.6% (1, 2, 4-6, 10-12) . Despite other studies, the recurrence rate in our study was low (8.5%) suggesting that the cornerstone of preventing GCTTS recurrence is exact and complete removal of the lesion with optimal surgical technique under magnification and with great expertise. Several authors believe that meticulous, complete excision of the GCTTS is the best way to prevent the recurrence (1, 3, 5, 6, 14) . Poor surgical technique and inappropriate exposure lead to incomplete removal of the lesion and increased recurrence rate. Ozalp et al. showed that optimal surgical exposure and magnification are important factors regarding achieving satisfactory outcomes (3).
In some cases, GCTTS spreads around the other structures such as digital nerves and vessels, which significantly complicates complete lesion removal and can increase the risk of recurrence (2, 18, 19) . It necessitates the surgeon to exactly know the geographical pattern of the lesion utilizing imaging studies including MRI and ultrasonographic examination. In addition to routine plain radiography, our patients had been preoperatively examined by MRI or ultrasonography.
Several risk factors have been reported to increase the risk of GCTTS recurrence including adjacent degenerative joint, proximity to distal interphalangeal joints of fingers and interphalangeal joint of the thumb, radiologic osseous erosion, and some histopathologic findings such as types of cells, increased cellularity or mitotic activity, capsular involvement, and 23-nm negativity (1, 2, 11, 14) . Recently, Al-Qattan et al. demonstrated that the risk of recurrence is greater in tumors surrounded by pseudocapsule (1). Moreover, Williams et al. suggested that direct involvement of flexor or extensor tendons or involvement of the joint capsule increases the risk of recurrence (12) . However, we could not detect any correlation between above-mentioned factors and recurrence of the tumor in present study because of the few numbers of recurrent lesions.
Invasion to adjacent tissues (tendon or tendon pulley, bone, nerve, skin, and joint) was found in up to one-third of our patients; however, osseous involvement was found only in tow patients. The GCTTS had recurred in one of these two cases. Although there was no significant find-ing in our study, this may indicate that the intraosseous involvement can be considered as an important predictive variable for recurrence of GCTTS. The true intraosseous involvement is rarely reported (20) (21) (22) (23) . Uriburu and Levy found that the lesion recurred in two of 15 patients with bony involvement (23) .
In some patients, the long-standing pressure from slowgrowing tumor makes a little bony concavity without any true bony invasion and consequent increased the risk of recurrence. Bony erosion due to the pressure from the slowly growing tumor has been found in 4.7%-25% of patients (1, 2, 4, 10, 11, 24, 25 ). Al-Qattan et al. also found eight patients with bony indentation due to the pressure and explained that it should not be considered as intraosseous invasion (1) . Another patient with recurrent lesion had skin involvement, which had not not reported as a risk factor in previous surgeries.
In our study, two of four patients with recurrent lesions had a history of previous surgical excision of GCTTS in other hospitals; moreover, it was impossible to excise the tumor completely because of the effects of previous surgery and extensive tumor spreads. Similar to other studies, there were some limitations to the current study. Our study was limited by its retrospective design. In addition, we did not investigate the histopathologic features of the tumors and the correlation of these findings with the risk of recurrence.
In conclusion, the demographic and clinical findings of our patients were highly consistent with those described in previous studies. Females were predominantly involved. The peak incidence was found in fourth decade of life. The middle finger was the most common site of lesion followed by index finger and thumb. The recurrence rate of GCTTS in our patients was 8.5%. The meticulous and complete surgical excision of the tumor under magnification by expert hand may be the most important factor to decrease the rate of recurrence.
